Recent publications illustrate an extensive crosstalk between the actin cytoskeleton and autophagy, a program for self-digestion. Actin polymerization provides a pushing force for organelle shaping and trafficking during autophagy, but the cytoskeleton is also targeted by autophagy under mechanical strain.
Biologists do it all the time -putting a coverslip onto cell material to get ready for microscopy. But have you ever thought about what happens inside unfixed cells when a coverslip is placed on top of them? A study by Patrick J. Hussey and colleagues, published in this issue of Current Biology, now demonstrates that the pressure of a coverslip is sufficient to induce autophagy in plant cells [1] . Autophagy is a degradation process in eukaryotic cells, which involves the enclosure of cellular content by intracellular membranes, so-called phagophores or isolation membranes [2] . An autophagosome is formed and ultimately fuses with lysosomal vesicles, leading to content digestion by lysosomal hydrolytic enzymes ( Figure 1 ). Autophagy is important under starvation conditions, when non-selective selfdigestion provides macromolecules for cell survival. Furthermore, an increasing number of selective autophagy pathways have been identified in recent years [3] . In these cases, autophagy adaptors link selected cargo to the isolation membrane. Selection often involves the initial labelling of cargo with the small protein ubiquitin and subsequent recognition by ubiquitinbinding autophagy adaptors. Selective autophagy allows for the specific and regulated degradation of protein complexes and aggregates, whole organelles and invading pathogens. Autophagy is thus essential for the development and homeostasis of eukaryotic cells and has been linked to diverse human diseases including cancer, neurodegeneration and infection [2, 3] .
Autophagy is a fascinating process for cell biologists because a new organelle, the autophagosome, is formed within the cell in response to a physiological stimulus. For this, membrane material needs to be supplied and the molecular identity of the organelle needs to be established. Many studies point to the endoplasmic reticulum (ER) as the main source of the membrane material (reviewed in [2] ). But the Golgi apparatus, mitochondria, endosomes and the plasma membrane also seem to contribute to autophagosome formation, depending on physiological conditions and analysed cell types. Omega-shaped subdomains of the ER, so-called omegasomes, serve as platforms for autophagosome nucleation in response to nutrient depletion [2, 4] . Omegasomes are strongly enriched in the phospholipid phosphatidylinositol (3)-phosphate (PI3P). This facilitates the recruitment of autophagyreleated (ATG) proteins and additional components essential for autophagosome formation [2] . Some of these proteins form conjugation machineries that attach autophagosome markers of the LC3/ATG8 protein families onto the membrane lipid phosphatidylethanolamine. The conjugation step further defines the identity of the isolation membrane and generates docking sites for ubiquitin adaptors [2, 3] . The maturation of the autophagosome begins.
The study from the Hussey lab provides new insights into initial steps of autophagosome formation by identifying the Nck-associated protein 1 (NAP1) as an essential mediator of this process in plants [1] . NAP1 is a component of the SCAR/WAVE complex that regulates ARP2/3-dependent actin polymerization during plant cell morphogenesis [5] . Hussey and colleagues observed that autophagy induction in plant cells results in the rapid formation of NAP1-positive membrane vesicles. These are in part associated with the ER, undergo homotypic fusion, and over time accumulate the autophagosome marker ATG8 [1] . The NAP1 structures therefore seem to represent early ER-derived intermediates during autophagosome formation. Indeed, NAP1 and also other components of the SCAR/WAVE and ARP2/3 complexes were found to be required for autophagy in response to diverse stimuli, including mechanical force, nutrient depletion and salt stress. Actin nucleation factors thus should be considered as integral parts of the autophagy machinery in plants.
It remains to be seen whether NAP1 exerts a similar function in animal cells. The composition and organization of the SCAR/WAVE complex are largely conserved between plants and animals [5, 6] . However, while the SCAR/WAVE complex is the sole activator of ARP2/3 in plants, animal cells contain diverse factors able to stimulate ARP2/3-dependent actin nucleation. Intriguingly, recent publications also link the mammalian nucleation-promoting factors (NPFs) WHAMM and JMY to autophagy [7] . WHAMM and JMY colocalize with autophagy markers at the ER and developing autophagosomes. Furthermore, both proteins facilitate the formation of autophagosomes based on their function as ARP2/3 regulators and actin nucleation factors [8, 9] .
Actin filaments are polarized structures with a fast growing barbed end (+ end) and a slow growing pointed end (À end). When membraneassociated NPFs stimulate actin nucleation at the barbed end, a pushing force against the membrane is generated [6] . How does this contribute to autophagosome formation? A fascinating answer is provided by another recent study in which the shaping of isolation membranes at the ER was visualized by super-resolution and electron microscopy [10] . The study concentrates on the actin-capping protein CAPZ. Like NPFs and ARP2/3, capping proteins operate at the barbed end of actin filaments, but their capping activity prevents filament elongation [11] . Nevertheless, capping proteins are required for the formation of ARP2/3-induced actin networks. They seem to ensure the assembly of highly branched networks comprised of short filaments and/or prevent the elongation of unproductive filaments [11] . Mi et al. demonstrate that depletion of CAPZ or pharmacologic inhibition of filament branching inhibits autophagy in mammalian cells [10] . In this situation, isolation membranes and omegasomes collapse at the ER into mixed membrane bundles. CAPZ apparently controls actin polymerization at contact sites between the omegasome and the isolation membrane. Here, CAPZ activity is modulated by PI3P and spatially regulated actin polymerization pushes the isolation membrane into a domeshaped cisterna with an open base connected to the omegasome [10] . Eventually, the opening is sealed and a Figure 1 . The actin cytoskeleton is a mediator and a target of autophagy.
During autophagy ARP2/3-dependent actin polymerization is required for the intracellular trafficking of ATG9-containing membrane material (the details of which remain to be established (?)), for the shaping of the isolation membrane and for the motility of autophagosomes. Mechanical force, externally applied or generated inside cells, results in the unfolding of the actin-crosslinking protein filamin. Unfolded and damaged filamin is recognized by the BAG3 chaperone complex and labelled with a ubiquitin chain for autophagic degradation. Autophagy adaptors recognize the ubiquitin signal and interact with LC3/ ATG8 present on the isolation membrane. A selective autophagy pathway is initiated, which leads to cargo degradation following the fusion of the autophagosome with a lysosomal vesicle.
double-membrane organelle is released. The study highlights the importance of actin polymerization for the shaping of the isolation membrane at an early stage of autophagy. Yet actin-dependent pushing is not restricted to this stage or this location. WHAMM stimulates the formation of actin filaments at the surface of autophagosomes, leading to a comet tail appearance [8] . This increases the motility of the organelle, which could promote autophagosomelysosome fusion. Furthermore, the yeast ARP2/3 complex is required for the intracellular trafficking of the membraneanchored autophagy factor ATG9 [12] . The protein cycles between nucleation sites and other intracellular locations to provide membrane material for autophagosome formation. Obviously, ARP2/3-mediated actin nucleation drives the shaping of the organelle as well as different transport steps during autophagy. But let's get back to the coverslip. Force-induced autophagy has been observed in plant as well as animal cells [1, 13, 14] . The question is why does mechanical force trigger autophagy. An answer appears to lie in the fact that the actin cytoskeleton is not only involved in the execution of autophagy but also a target of autophagic degradation. In animal cells, force-induced autophagy mediates the degradation of the actin-crosslinking protein filamin [15, 14] . Degradation is stimulated in contracting muscles, for example in response to exercise in human subjects [16] , and also when mechanical force is generated inside adherent and migrating cells [14] . Filamin is a very large homodimeric protein (>250 kDa) which forms a double rod structure with terminal actin binding sites. Each rod consists of 24 immunoglobulin (Ig) domains. Biophysical studies on isolated filamin fragments revealed that mechanical force disrupts interactions between Ig domains and at high magnitude even causes a loss of structural elements of individual Ig domains [17] . Force-induced unfolding of filamin was also observed in living cells [18, 19] . Importantly, unfolding confers structural flexibility. Only in this way can filamin mediate the crosslinking of actin filaments under mechanical strain.
But the unfolding also calls into action protein quality-control systems that recognize non-native proteins in cells. Indeed, force-induced autophagy of filamin is initiated by a specialized chaperone complex that assembles around the co-chaperone BAG3 [15, 20] . The complex binds to mechanosensitive elements of filamin and monitors the conformational state of the actin crosslinker [14] . A chaperoneassociated ubiquitin ligase present in the BAG3 complex directs mechanically unfolded and damaged forms of filamin onto a ubiquitin-dependent selective autophagy pathway. This pathway is essential for muscle maintenance and for the adhesion and migration of diverse cell types [14] [15] [16] 20] . It remains to be seen whether other mechanosensory cytoskeleton proteins undergo a similar quality control process that includes autophagy for final disposal. In any case, a two-sided relationship between the actin cytoskeleton and autophagy becomes apparent. The cytoskeleton is mediator and target of autophagy -at least under mechanical strain. Just think about it next time when you use your coverslips.
